ONE HEALTH & 
RISK MANAGEMENT 


VOL. 1, ISSUE 2 


& OH.RM 2020 
Bears OPEN Qaccess 


RECENT EVOLUTIONS OF NATURAL FOCI OF LEPTOSPIROSIS AND SMALL 
MAMMAL COMMUNITIES (RODENTIA, INSECTIVORA) IN THE REPUBLIC OF 
MOLDOVA 


Victoria BURLACU 





National Agency for Public Health Chisinau, Republic of Moldova, 
Institute of Zoology, Chisinau, Republic of Moldova 


Corresponding author: Victoria Burlacu, e-mail: burlacu.ivictoria@gmail.com 





DOI: 10.38045/ohrm.2020.1.13 


UDC: 616.98:579.834.115:599.32/.38(478) 





Keywords: — small 
mammals, Leptospi- 
ra spp., leptospirosis, 
ecosystem, biotope. 


Cuvinte cheie: ma- 
mifere mici, Leptos- 
pira spp. leptospi- 
roza, ecosistem, 
biotop. 


Introduction. Leptospirosis is a zoonosis caused by microorganisms of the genus Lepto- 
spira with a global spread. The main reservoir of leptospires are the small mammals, 
which survive after infection, spreading the causative agent in the environment with 
urine. 

Material and methods. The studied were conducted in 2017-2019 in different ecosys- 
tems, where 1617 small mammals were collected, investigated for the presence of specific 
antibodies to Leptospira spp. Ecological analysis of small mammal communities was 
performed and leptospire-carrier species were identified. 

Results. 17 species of the order Rodentia and Soricomorpha were identified. The most 
widespread are A. sylvaticus, A. flavicollis and A. agrarius with a frequency of 100%, 
abundant and dominant in most of the studied ecosystems. Antibodies specific to Lepto- 
spira spp. were detected in 9 species, the highest share of the species with leptospire be- 
longs to A. agrarius (53.85%) and C. glareolus (11.54%). The serogroups Leptospira 
grippotyphosa, L. icterohaemorrhagiae and L. pomona were highlighted. 

Conclusions. The epizootiological process in leptosrosis is mentained active in the nature 
by 9 species of small mammals, including one of the euritope species A. agrarius, the lep- 
tospire rate was determined at 53.85%. The intense circulation of leptospires in the small 
mammal population determines the need to monitor the multiannual dynamics of their in 
order to establish changes in natural foci of leptospirosis, forecast the epizootological 
situation and the risk of spreading of disease among the human population. 


EVOLUTIILE RECENTE A FOCARELOR NATURALE DE LEPTOSPIROZA SI COMU- 
NITATILE MAMIFERELOR MICI (RODENTIA, INSECTIVORA) IN REPUBLICA MOL- 
DOVA 

Introducere. Leptospiroza este 0 zoonozd cauzata de microorganismele din genul Lep- 
tospira cu o rdspandire globald. Rezervorul de baza al leptospirelor sunt mamiferele mici 
care dupd infectare supravietuiesc, disemindnd agentul cauzal in mediul inconjurator 
prin urind. 

Material si metode. Cercetdrile au fost efectuate in perioada 2017-2019 in diverse eco- 
sisteme, de unde au fost colectate 1617 mamifere mici, care au fost investigate la 
prezenta anticorpilor specifici Leptospira spp. S-a efectuat analiza ecologicad a comu- 
nitatilor de mamifere mici si identificate speciile purtdtoare de leptospire. 

Rezultate. Au fost identificate 17 specii din ordinul Rodentia si Soricomorpha. Cele mai 
rdspandite sunt A. sylvaticus, A. flavicollis si A. agrarius cu o frecventa de 100%, fiind 
abundente si dominante in majoritatea ecosistemelor cercetate. Anticorpi specifici la 
Leptospira spp. s-au evidentiat la 9 specii, dintre care cea mai inalta pondere fi revine 
speciei A. agrarius (53,85%) si C. glareolus (11,54%). S-au evidentiat serogrupele Leptos- 
pira grippotyphosa, L. icterohaemorrhagiae si L. pomona. 

Concluzii. Procesul epizootologic la leptosrozd este mentinut activ in natura de 9 specii 
de mamifere mici, inclusiv la una din speciile euritope A. agrarius s-a determinat portajul 
de leptospire in cote de 53,85%. Circulatia intensa a leptospirelor tn populatia mamifere- 
lor mici determina necesitatea monitorizdrii in dinamicd multianuald a acestora pentru 
stabilirea modificarilor in focarele naturale de leptospirozda, prognozarea situatiei epi- 
zootologice si riscului de rdspdandire a bolii in populatia umand. 
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INTRODUCTION 


Leptospirosis is a zoonosis caused by represent- 
atives of the genus Leptospira with a global 
spread, which affects the human population on 
continents with tropical and temperate climates. 
It occurs in urban areas of industrialized and 
developing countries, as well as in rural areas 
around the world. This disease is recognized as 
an emerging global public health problem, due to 
the increased incidence in many economically 
advanced and developing countries. For the first 
time, living leptospires were observed under 
dark-field microscopy, during the examination of 
a water sample from a pool, an observation 
communicated in 1914 by Wolbach and Binger. 
After the discovery of leptospires, the Japanese 
researchers (1) described the role of rats as car- 
riers of the causative agent of leptospirosis, 
which led to the establishment of the mechanism 
and ways of transmission of the causative agent 
from animals to humans. The representatives of 
the genus Leptospira persist in the kidneys and 
genital tract of carrier animals and are excreted 
in the urine. Human infection occurs accidental- 
ly, through direct contact with the infected ani- 
mal, or indirectly through contaminated envi- 
ronment, such as soil or water (1-8). 


The leptospire reservoir includes a large number 
of species of wild and domestic animals (cattle 
and pigs) that survive infection with the causa- 
tive agent of leptospirosis, spreading the causa- 
tive agent in the environment for a long time 
with urine. All terrestrial mammals can be indi- 
cated as a source of leptospira, but the most im- 
portant species are those from the orders Ro- 
dentia and Insectivora, which can be true living 
environments particularly favorable for hosting, 
multiplying and eliminating leptospires in the 
environment. A potential risk of human infection 
is maintained in the territories where leptospire- 
carrying status have been recorded in wild ani- 
mals, and in domestic animals - diseases or 
asymptomatic state. These territories are con- 
sidered as foci of leptospirosis and, depending 
on the reservoir, can be classified into natural 
and anthropogenic (1-6, 9, 10, 11). 


According to literature data, as a reservoir and 
source of leptospira infection the orders Marsu- 
pialia, Insectivora, Chiroptera, Primates, Eden- 
tata, Lagomorpha, Rodentia, Carnivora and Arti- 
odactyla are of major importance, which are tax- 
onomically included in the class of mammals, but 


the main carriers are the representatives of 4 
orders: Marsupialia, Insectivora, Rodentia and 
Carnivora. At the same time not all the species of 
an order are carriers of leptospires. As a reser- 
voir of leptospires a significant role was assigned 
to mammals of the order Rodentia — 20%, Mar- 
supialia - 39% and Chiroptera - 35% (12). The 
role of the species Mus musculus and Rattus 
norvegicus as a reservoir and source of lepto- 
spires is well known in Portugal, Azores (13). It 
is known that small mammals are indispensable 
elements of terrestrial ecosystems and are im- 
portant links in the food chains of the living 
world. Most species of small mammals, especial- 
ly rodents, are very prolific, reach high densities 
in various types of ecosystems and have wide 
limits of ecological valence. All these peculiari- 
ties favor the wide spread of this group of mam- 
mals and their rapid adaptation to anthropogen- 
ic and environmental changes (14-17). In France, 
the beaver (Myocastor coypus) is involved in the 
spread of leptospirosis, a species that inhabits 
clean stagnant waters and is common in the last 
decade. The seroprevalence of leptospires in the 
population of Myocastor coypus varied from 
16.5% to 66.0%, being detected the serogroups: 
L. icterohaemorrhagiae and L. sejroe (18). In 
Germany, the wild boar (Sus scrofa) has been 
identified as the possible source of leptospirosis 
infection, a fact confirmed by a number of Euro- 
pean researchers who have highlighted the 
serogroup L. pomona, frequently isolated from 
domestic pigs and wild boars (19). 


In the Republic of Moldova, the study of leptospi- 
rosis began in the 1950s, where leptospirosis 
was first established in cattle in Tiraspol city, 
and then the disease was recorded in pigs, hors- 
es and cattle in all districts of the republic. Later, 
during 1969-1971, natural outbreaks of lepto- 
spirosis were registered in the northern area, 
with the involvement in the epizootic process of 
Microtus species and the etiological agent Lepto- 
spira grippotyphosa. During 1987-1988 when 2 
cases of leptospirosis were registered in the 
workers of a meat processing plant, as a source 
of leptospirosis infection the brown rat was es- 
tablished, in which specific antibodies to the 
serogroup L. icterohaemorrhagiae were high- 
lighted (20). Another outbreak of leptospirosis 
was recorded in 1996 in 7 fishermen from the 
local fish farm of Costesti village, Ialoveni district 
and it was shown that the source of infection 
were the small mammals, in which the serogroup 


ONE HEALTH & 


& OH.RM 


RISK MANAGEMENT 


VOL. 1, ISSUE 2 
2020 





L. icterohaemorrhagiae was reported (21). Stud- 
ies conducted during 2006-2008 demonstrated 
that in the leptospirosis foci the infection reser- 
voir are the species of the order Rodentia, where 
the highest share of positive results in leptospi- 
rosis was found in Rattus norvegicus (37.7%), 
Apodemus sylvaticus (21.8%) and A. agrarius 
(20.9%) (9). During this period, positive serolog- 
ical results were established in 10 species of the 
order Rodentia (Muscardinus avellanarius, Cle- 
thrionomys glareolus, A. terrestris, Microtus sp., A. 
uralensis, A. sylvaticus, A. flavicollis, A. agrarius, 
Mus musculus, R. norvegicus) and 2 species of the 
order Insectivora (Sorex minutus, S. araneus). 
Studies conducted in our country showed that 
the main source of infection is rodents, and hu- 
man infection occurs both during bathing, using 
water from unauthorized sources in the field and 
after using food contaminated by rodents (9, 10, 
20, 21-25). 


The study of the ecological peculiarities of small 
mammals in leptospirosis outbreaks aims to 
elucidate the species involved in the epizootic 
process, followed by determining the etiological 
structure of circulating leptospirosis in the eco- 
systems of the Republic of Moldova. The data 
obtained are used to develop epizootic progno- 
ses, public health risk assessment and argumen- 
tation of disease prevention and _ control 
measures. 


MATERIAL AND METHODS 


The studies were conducted during 2017-2019 
in the North, Center and South of the Republic of 
Moldova, districts Glodeni, Edinet, Ocnita, Orhei, 
Ialoveni, Chisinau, Cahul and Stefan Voda, in 147 
natural and anthropogenic biotopes that were 
grouped in 6 types: forest, paludous, agroceno- 
ses, forest belt, forest edge and rural-paludous 
ecotone. The data are presented for winter - 
spring (December, February-May) and summer- 
autumn (June - November) periods. Snap traps 
were used to collect small mammals baited with 
pieces of bread soaked in sunflower oil. The 
traps were installed either in line or randomly, 
with the distance of 7-10 m between the traps. 
About 40-50 traps were used per biotope and 
only the functional ones were taken into account 
(26). A total of 8593 night-traps were processed, 
1617 small mammals were captured and 1572 
individuals were investigated for the presence of 
specific antibodies to Leptospira spp. in the 


microbiological laboratory within the National 
Agency for Public Health. Each individual was 
identified, except for sibling species of the genus 
Microtus (M. arvalis and M. rossiaemerdionalis), 
which were considered as Microtus sp. 


The ecological analysis of small mammal com- 
munities was performed using the indexes of 
capture (Ic), abundance (A), frequency (F), di- 
versity (Shannon, H'; Simpson) and dominance 
(Naughton-Wolf, Ia). The ecological significance 
(Wa) of the species in studied ecosistems was 
assessed. The statistical analysis and graphic 
presentation of the results were performed via 
the Microsoft Excel and BioDiversity Pro Pro- 
grams. The data for the Statistical Report regard- 
ing the morbidity caused by leptospirosis in the 
Republic of Moldova for 2017-2019 were pro- 
cessed. 


RESULTS 


A total of 1617 small mammals were collected, 
13 species of the order Rodentia: M. glis, 
A.sylvaticus, A. flavicollis, A. uralensis, A. agrarius, 
Mus spicilegus, M. musculus, R. norvegicus, M. 
minutus, Microtus sp., M. subterranus, C. glareo- 
lus, A. terrestris and 4 species of the order Sori- 
comorpha: S. minutus, S. araneus, C.suaveolens 
and N. anomalus. 


The capture index of small mammals varied de- 
pending on the year, season and geographical 
area. In the study period 2017-2019, the average 
multiannual capture index was 18.81%. In 2017 
this index was the highest (23.37%), compared 
to 2018 (17.38%) and 2019 (12.77%). 


In the northern area 808 small mammals were 
collected from 10 rodents species: A. sylvaticus, 
A. flavicollis, A. uralensis, A. agrarius, M. spicile- 
gus, M. musculus, R. norvegicus, M. minutus, Mi- 
crotus sp., M. subterranus si C. glareolus and 4 
shrew species: S. minutus, S. araneus, C. suaveo- 
lens and N. anomalus (tab.1). For the period of 
2017-2019, the multiannual average capture 
index was 24.92%. In 2017 this index was 
30.61%, in 2018 - 18.62% and in 2019 - 11.90%. 
The highest multiannual average capture index 
was recorded in the rural-poaludosu ecotone 
(62.4%) and very close values were recorded in 
the paludous biotope and forest belt (30.52%- 
30.83%), while the lowest index was in forests 
and at forest edge (17.42%-17.83%) (tab.1). 
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The total diversity of small mammal species 
according to the Shannon index was 0.643 and 
the Simpson index - 4.225. The greatest diversity 
was registered in the forest belt (0.793; 4.182), 
agrocenosis (0.782; 3.783) and paludous (0.714; 
4.007) biotopes with the dominant species A. 
flavicollis (Ia - 86.40%) and A. agrarius (la - 
73.94%-90.85%), which constituted more than 
half of the small mammal community. The lowest 
values of diversity were recorded in the forest 
biotopes (0.569; 1,801), the dominant being A. 
fivicollis (80%) (tab.1). 


Table 1. Abundance (A), ecological significance (Wa) 


Throughout the study period, the dominant spe- 
cies of A. sylvaticus, A. flavicollis and A. agrarius 
were the most widespread and present in all the 
biotopes with a frequency of 100%. A. sylvaticus 
was abundant in forest belt and rural-paludous 
ecotone with eudominant ecological significance, 
and low values of abundance in forest with a do- 
minant significance. A. flavicollis was abundant in 
forest, forest edge and forest belt with eudomi- 
nant ecological significance, and low values of 
abundance in agrocenoses and rural-paludous 
ecotone (about 6%) with dominant significance 
(tab.1). 


and diversity of small mammal species in studied 


ecosystems from the northern area of the Republic of Moldova. 






























































: Forest Agrocenosis Paludous Forest edge Shelter belt A Total 

No. Species paludous 
A Wa A Wa A Wa A Wa A Wa A Wa A 

1 S.araneus 2.36 157 242 161 245 1.64 - - - - 4.76 3.17 1.61 
2S. minutus - - - - 1.84 0.61 - - - - 1.59 0.53 0.50 
3 _C. suaveolens - - - - - - 0.54 0.09 - - - - 0.12 
4 _N.anomalus - - - - 0.61 0.10 - - - - - - 0.12 
5 _A. sylvaticus 5.51 5.51 16.94 1694 9.20 9.20 2541 254 8.22 8.22 2063 20.63 14.23 
6__ A. flavicollis 73.2. 73.23 645 645 20.86 20.86 32.97 32.97 49.32 49.32 6.35 6.35 33.66 
7 _A.uralensis - - 11.29 3.76 2.45 0.82 - - - - - - 2.23 
8 A. agrarius 11.8 11.81 45.97 45.97 42.94 42.94 23.24 23.2 2466 2466 46.03 46.03 30.94 
9 ___M. spicilegus - - 9.68 3.23 : - 11.89 3.96 : 7 7 4.21 
10M. musculus - - 1.61 0.81 - - - - 0.68 034 1.59 0.79 0.50 
11 R. norvegicus - - - - 1.23 0.41 - - - - 1.59 0.53 0.37 
12M. minutus - - - - 0.61 0.20 - - - - 1.59 0.53 0.25 
13 Microtus sp. - - 5.65 4.70 9.82 8.18 3.243 2.7 2.05 1.71 1.59 1.32 4.08 
14  Msubterraneus - - - - - - - - 4.11 1.37 1.59 0.53 0.87 
15 C.glareolus 7.09 5.91 - - 7.98 6.65 2.70 2.25 10.96 913 12.70 10.58 6.31 
Capture index, % 17.42 26.96 30.52 30.83 17.83 62.38 24.92 
Shannon index 0.569 0.782 0.714 0.793 0.713 0.692 0.643 
Simpson index 1,801 3.783 4.007 4.182 3.122 3.749 4.225 





A. agrarius had the highest abunance in agroce- 
nosis, paludous and rural-paludous biotopes 
with eudominant ecological significance. A. ura- 
lensis with a frequency of 33.33% was registered 
in agrocenosis with dominant ecological signifi- 
cance and in paludous biotope with recedent si- 
gnificance (tab.1). 


The forest vole species C. glareolus was regis- 
tered in all type of biotopes except the agroceno- 
sis with a frequrency of 83.33% and dominant 
ecological significance, while M. subteraneus was 
recorded at forest edge and in rural-paludous 
ecotone with 33.33% frequency and recedent or 
subrecedent signify cance. The field voles Micro- 
tus sp. were mostly spread in all types of bio- 
topes, except the forest ones, showing a domi- 
nant ecological significance in agrocenosisi and 


paludous biotopes, and with subdominant signif- 
icance in other habitats (tab.1; fig.1). 


M. musculus is a typical synanthropic species and 
was registered in anthropyzed biotopes with 
50% frequency, low abundance and subrecedent 
significance. M. spicilegus (F-33.33%) was re- 
corded in agrocenosis and at forest edge near 
agrocenoses with recedent ecological signifi- 
cance. The species R. norvegicus and M. minutus 
had the same biotopic distribution and subrece- 
dent ecological significance (tab.1; fig,1). 


Among shrews, the most spread was S. araneus 
(F-66.67%) with recedent ecological signifi- 
cance. Other three species were observed only 
in paludous biotopes (S. minutus, N. anomalus) or 
at forst edge (C. suaveolens) with subrecedent 
ecological significance (tab.1; fig.1). 
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In the central area, 479 small mammals were 
collected from 13 species: M. glis, A. sylvaticus, A. 
flavicollis, A. uralensis, A. agrarius, M. spicilegus, 
M. musculus, R. norvegicus, M. minutus, Microtus 
sp., M. subterraneus, C. glareolus and S. araneus 
(tab.2). The average multiannual capture index 
for the study period was 14.83%. In 2017 the 


capture index was 13.70%, in 2018 - 18.11% 
and in 2019 the lowest index - 12.98%. The 
highest multiannual average catch index was 
recorded in the agrocenosis (21.55%) and at 
forest edge (16.26%), and the lowest index was 
reported in the paludous biotope (10.25%) 
(tab.2). 
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Figure 1. Frequency (%) of small mammal species in studied ecosystems from the northern, central 
and southern areas of the Republic of Moldova. 


The total diversity of small mammal species ac- 
cording to Shannon index was 0.744 and the 
Simpson index - 5.064. The greatest diversity of 
species was recorded in the agrocenosis (0.854; 
5.317) and forest belt (0.816; 4.29), and the low- 
est diversity - in the forest (0.543; 2.102), simi- 
lar with the results obtained in the northern area 
(tab.2). 


The dominant species of A. sylvaticus, A. flavicol- 
lis and A. agrarius, found in the northern area 
were present in all studied biotopes with a fre- 
quency of 100%. A. sylvaticus was more abun- 
dant and do-minant in agrocenosis (Iq-62.94%) 
and in forest belt (Ig-56.14%) with eudominant 
ecological significance. A. flavicollis was more 
abundant and dominant in forest biotopes (Ia- 
84.35%) and at forest edge (la-57.67%) with 
eudominant ecological significance, while in the 
paludous biotope, it had a low abundance and a 
recedent significance. A. agrarius was most 
abundant and dominant in the paludous biotope 
(Ia-68%) and in the rural-paludous ecotone (la- 
40.91%) with eudominat significance. The spe- 


cies A. uralensis with a frequency of 50% was 
reported in agrocenosis and forest belt with 
dominant ecological significance (tab.2; fig.1). 


The voles Microtus sp. and C. glareolus had a fre- 
quency of 66.67% and M. subterraneus had a 
33.33% frequency, recorded only in forest bio- 
topes with recedent ecological significance. M. 
spicilegus showed a dominant ecological signifi- 
cance in agrocenosis, whereas the M. musculus 
had a dominant ecological significance in rural- 
paludous ecotone. The species of M. minutus and 
R. norvegicus were recorded only in rural- 
paludous ecotone (F-16.67%) with recedent eco- 
logical significnance (tab. 2; fig. 1). 


The shrew of S. araneus had a 50% frequency, 
showing a dominant ecologcal significance in 
paludous biotopes and a recedent significance at 
forest edge (tab.2; fig.1). 


In the southern area, 329 small mammals from 
11 species were collected: A. sylvaticus, A. 
flavicollis, A. uralensis, A. agrarius, M. spicilegus, 
M. musculus, R. norvegicus, M. minutus, Microtus 
sp., C. glareolus and S. araneus (tab.3). 
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Table 2. Abundance (%), ecological significance (Wa) and diversity of small mammal species in studied 
ecosystems from the central area of the Republic of Moldova. 



























































: Forest Agrocenosis Paludous Forestedge Shelter belt ued Total 
No Species paludous 
A Wa A Wa A Wa A Wa A Wa A Wa A 
1 S. araneus - - 2.11 1.06 12.00 6.00 - - 1.52 0.76 - - 1.46 
2 M.glis 0.87 0.29 - - - - 16.09 5.36 - - - - 3.13 
3_A. sylvaticus 18.26 18.26 27.46 27.46 8.00 8.00 36.78 36.78 16.67 16.67 11.36 11.36 22.96 
4 A. flavicollis 66.09 66.09 23.94 23.94 4.00 400 460 460 62.12 57.67 - - 32.57 
5 A. uralensis - - 17.61 8.80 - - 13.79 6.90 - - 4.55 2.27 8.14 
6 A. agrarius 0.87 0.87 986 9.86 56.00 56.00 24.14 2414 606 6.06 56.82 56.82 16.49 
7 M. spicilegus - - 13.38 6.69 - - - - 1.52 0.76 - - 4.80 
8 M. musculus - - 1.41 0.47 - - - - - - 15.91 5.30 1.88 
9 M. minutus - - - - - - - - - - 4.55 0.76 0.42 
10 R. norvegicus - - - - - - - - - - 2.27 0.38 0.21 
11 Microtus sp. - - 4.23, 2.82 12.00 8.00 - - 1.52 1.01 455 3.03 2.51 
12 Msubterraneus 1.74 0.58 - - - - 3.45 1.15 - - - - 1.04 
13 C. glareolus 9.57 6.38 - - 8.00 5.33 1.15 0.77 10.61 7.07 - - 4.38 
Capture index, % 12.53 21.55 10.25 13.41 16.26 12.39 14.83 
Shannon index 0.543 0.854 0.763 0.816 0.613 0.703 0.744 
Simpson index 2.102 5.317 3.03 4.29 2.378 2.832 5.064 





The diversity of small mammals according to the 
Shannon index was 0.786 and the Simpson index 
- 5.575. The highest diversity was reported at fo- 
rest edge and agrocenosis, whereas the lowest - 
in the forest (tab. 3). 


The average multiannual capture index was 
15.53%. In 2017 the index was 17.81% and prac- 
tically similar values were regisered in 2018 and 
2019 making up 12.81% and 12.91% respective- 
ly. The highest multiannual average catch index 
was recorded at the forest edge (43.88%), and 
the lowest index was reported in the paludous 
biotope - 11.22% (tab.3). 


The species A. sylvaticus, A. flavicollis and A. agra- 
rius are the most spread and dominant in various 
types of biotopes: A. sylvaticus was dominant in 
paludous biotope (Ig-58.88%), A. flavicollis was 
dominant in forest (Iu-56.64%), at forest edge 
(Ia-36,93%) and forest belt (Ia-39.78%). A. agrar- 
ius had dominant ecological significance in forest 
and paludous biotopes. A. uralensis and M. spici- 
legus were largely distributed with a frequency 
of 80%. A. uralensis was most abun- dant and 
dominant in agrocenosis (Iu-44.08%) M. spicile- 
gus - in agrocenosis and forest belt with eu- 
dominant ecological significance. The vole C. 
glareolus had a frequency of 60% and showed a 
dominant and eudominant significance in forest 
biotopes. 


The field voles had recedent significance in agro- 
cenosis, paludous and shelter belts. The hygro- 


philous species M. minutus, R. norvegicus and A. 
terrestris were registered only in paludous bio- 
topes with recedent significance (tab. 3; fig.1). 


In the northern area, in 5 species of small mam- 
mals of 15 registered specific antibodies to Lep- 
tospire spp. were detected. The highest share 
belonged to the species A. agrarius, which consti- 
tuted 57.14%, followed by C. glareolus - 21.43%, 
while A. sylvaticus, A. flavicollis and Microtus sp. 
had equal share - 7.14% (fig. 2). Two serological 
groups were highlighted: L. icterohaemorrhagiae 
and L. pomona in equal shares of 50%. The 
serogroup L. grippotyphosa was hosted by the 
species A. agrarius, Microtus sp. and C. glareolus, 
and L. pomona - by A. sylvaticus, A. flavicollis and 
A. agrarius. Only in A. agrarius were detected 
both serological groups. The presence of the nat- 
ural outbreak of leptospirosis in the forest eco- 
system located near Hijdieni village of Glodeni 
district has been established with the involve- 
ment of A. sylvaticus and A. agrarius species. An- 
other outbreak of leptospirosis was reported in 
paludous ecosystems, agrocenoses and rural- 
paludous ecotone near Hadarauti, Cores-tauti 
and Valcinet localities of Ocnita district with the 
involvement of the species A. agrarius, C. glareo- 
lus and Microtus sp. 


In the central area among identified 13 species in 
the epizootic process were involved A. agrarius, 
M. spicilegus, R. norvegicus and S. araneus. The 
highest carrier rate among Leptospira-positive 
animals belongs to A. agrarius (60.0%), M. spici- 
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legus - 20.0%, R. norvegicus and S. araneus - 
10.0% per each (fig.2). 2 serological groups were 
found: L. icterohaemorrhagiae - 90% and L. grip- 
potyphosa - 10%. The serogroup L. icterohaem- 


orrhagiae was hosted by the species A. agrarius, 
M. spicilegus, R. norvegicus and S. araneus, and L. 
grippotyphosa by one species - A. agrarius. Both 
serological groups were detected in A. agrarius. 


Table 3. Abundance (%), ecological significance (Wa) and diversity of small mammal species in studied 
ecosystems from the southern area of the Republic of Moldova. 





















































. Forest Agrocenosis Paludous Forest edge Shelter belt Total 
No. Species 
A Wa A Wa A Wa A Wa A Wa A 

1 S. araneus 1.89 1.13 9.23 5.54 7.69 4.62 - - - - 4.26 
2 A. sylvaticus 5.66 5.66 23.08 23.08 41.76 41.76 20.78 20.78 20.93 20.93 24.62 
3 A. flavicollis 64.15 6415 16.92 16.92 4.40 4.40 24.68 24.68 37.21 37.21 25.53 
4 A. uralensis - - 32.31 25.85 20.88 16.70 20.78 16.62 9.30 7.44 18.24 
5 A. agrarius 22.64 22.64 1.54 1.54 13.19 13.19 5.19 5.19 9.30 9.30 10.03 
6 M. spicilegus 15.38 12.31 4.40 3.52 14.29 11.43 2.33 1.86 7.90 
7 R. norvegicus - - - - 1.10 0.22 - - - - 0.30 
8 M. minutus - - - - 2.20 0.44 - - - - 0.61 
9 Microtus sp. - - 1.54 0.92 2.20 1.32 1.30 0.78 - - 1.22 
10 A. terrestris - - : - 2.20 0.44 s 7 - 0.61 
11 C. glareolus 5.66 3.40 12.99 7.79 20.93 12.56 6.69 
Capture index, % 19.06 16.21 11.22 14.50 43.88 15.53 
Shannon index 0.63 0.843 0.752 0.9 0.866 0.786 
Simpson index 2.18 4.837 4.196 5.66 4.426 5.575 





The activation of the natural outbreak of lepto- 
spirosis has been reported in forests, paludous 
ecosystems and in agrocenoses located near 
Danceni vill., Ialoveni ds., being a possible infec- 
tious area for 2 leptospirosis patients in autumn 
2018. Compared to the northern and southern 
areas, the leptospirosis outbreak was active only 
in the central area for two consecutive years 
2018-2019. 


In the southern area among 11 species in R. 
norvegicus and A. terrestris specific antibodies to 
L. icterohaemorrhagiae (100%) were deter- 
mined in equal shares - 50% (fig.2). The out- 
break of leptospirosis was reported in paludous 
ecosystems of Prut meadow, near Cahul town in 
2018. In September 2008 (Cahul, Prut meadow), 
the species A. agrarius and A. uralensis were de- 
tected with the serotypes L. grippotyphosa and L. 
pomona. Over a decade of monitoring, there is an 
active leptospirosis outbreak, being substituted 
by leptospira serotype. 


Thus, in 9 species of small mammals from 17 
collected specific antibodies to Leptospira spp. 
were found. The presence of leptospires was 
determined in 4.10% of total investigated small 
mammals. In the northern area, positive results 
were registered in 3.39%, in the central area - 
5.88% and in the southern area - 4.0% (fig. 2). 
The highest rate belonged to the species A. 


agrarius (53.85%) and C. glareolus (11.54%), 
followed by M. spicilegus and R. norvegicus 
(7.69% each) and equal weight - A. sylvaticus, A. 
flavicollis, Microtus sp., A. terrestris and S. arane- 
us (3.85% each). The presence of 3 serogroups 
were determined in small leptospira-infected 
mammals, viz. L. icterohaemorrhagiae, L. grippo- 
typhosa and L. pomona. The results obtained 
indicate a great diversity of species involved in 
the epizootic process of leptospirosis in the 
country's ecosystems. 


DISCUSSIONS 


Leptospirosis is one of the most common zooan- 
throponoses in the Republic of Moldova, being a 
nosology, first diagnosed in humans and report- 
ed in 1963 (9, 24, 25). The primary detailed 
study (1950-1960) of the peculiarities of lepto- 
spirosis was preceded by determining the cases 
of disease in cattle registered in Tiraspol (1950). 
Subsequently, in 1970-1990, this disease was 
registered in pigs, cattle and horses from all dis- 
tricts (9, 24, 25). 


In the Republic of Moldova, there are 2 types of 
leptospirosis foci: natural and anthropogenic (9, 
23, 27, 28, 29). Currently, the obtained study 
results confirm the existence of natural and an- 
thropogenic foci of leptospirosis. However, a 
larger part of the natural ecosystems of the coun- 
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try underwent major anthropic changes, this 
excludes the possibility of strict delimitation of 
natural foci of leptospirosis from anthropogenic 
ones. Therefore, in the leptospirosis foci in Mol- 
dova the reservoir of infection is the species of 
the orders Rodentia and Insectivora (9, 10, 20- 
23, 27-29). The present study obtained similar 
data. Thus, during the study period, 13 rodent 
and 4 insectivore species were determined on 


=S.ar 

= A.agrarius 

= M. spicilegus 
= R. norvegicus 





the territory of the country, and 9 of them 
showed positive results to Leptospira spp. Most 
of the listed species are widespread in the stud- 
ied ecosystems (9, 10, 27-29). The results ob- 
tained on the diversity of small mammal popula- 
tions, including species involved in the epizootic 
process, showed a decreasing tendency, which 
correspond to other published study results (9, 
10, 20-23, 27, 28, 30, 31, 32). 


21,43 


7,14 


SB Asylva 

= A. flavicollis 
= A. agrarius 

™ Microtus sp. 
= C. glareolus 


RZ KB 


@ A. terrestris 


Figure 2. Share (%) and diversity of small mammal species found with leptospires in northern, 
central and southern areas of the Republic of Moldova. 


An important role in the formation of leptospiro- 
sis foci belongs to the species reported as lepto- 
spirosis carriers, such as A. sylvaticus, A. flavicol- 
lis and A. agrarius, which are widely distributed, 
abundant and dominant in most of the ecosys- 
tems of the country. The obtained results con- 
firm the importance of these species as reser- 
voirs that maintain the etiological agent in the 
environment (9, 10, 27-29); however not all the 
aforementioned species are leptospira carriers 


30 


(12). The analysis of the etiological structures of 
leptospires during the period 2017-2019 
showed a lower diversity of serogroups (L. grip- 
potyphosa, L. icterohaemorrhagiae, L. pomona) 
compared to 11-13 serogroups detected in pre- 
vious studies (9, 10, 20, 21). 


The obtained data confirm the relatively intense 
circulation of the causative agent of leptospirosis 
in small mammal populations. Human infection 
occurs accidentally during direct contact with 
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objects from the environment, contaminated 
with the urine of leptospira-carrier small mam- 
mals. Some authors claim that the level of mor- 
bidity from leptospirosis is influenced by flood- 
related outbreaks, recreational activities such as 
bathing in unauthorized water basins, boating or 
other water sports, as well as the tendency of 
disease urbanisation (3, 13, 33-36). In many 
countries, leptospirosis is considered an occupa- 
tional disease previously encountered in farmers 
and agricultural workers (33, 37). Leptospirosis 
is recognized as a potential hazard in water 
sports or other recreational activities related to 
the exposure of the population to potentially 
contaminated water sources (3). In the Republic 
of Moldova, during 2017-2019, a total of 15 cases 
of leptospirosis disease were reported, regis- 
tered in 8 administrative territories. A higher 
number of cases of disease were reported mainly 
in the northern districts: Briceni - 5 cases, 


Drochia — 2, Soroca, Edinet and Floresti - 1 case 
each; followed by the central area: Chisinau city 
- 3, Ialoveni - 1 case and the southern area: 
Tiraspol city - 1 case (38). In addition to some of 
the mentioned factors, leptospirosis morbidity in 
Moldova is determined by non-compliance with 
hygiene rules for people with high risk of con- 
tracting the disease, by consuming products kept 
in poor conditions, as well as through rodent and 
other animal urine - contaminated water etc. 


Based on the aforementioned, we can conclude 
that in the current conditions of the Republic of 
Moldova all key elements persist for the for- 
mation and activation of natural foci of leptospi- 
rosis such as biotic, abiotic environmental fac- 
tors, ecological characteristics of the reservoir, 
the causative agent of leptospirosis and as a re- 
sult the risk of spreading this disease in the hu- 
man population. 


CONCLUSIONS 


1. 


1617 small mammals were collected from the ecosystems of the Republic of Moldova that belong to 
13 species of the order Rodentia and 4 of the order Soricomorpha. The greatest diversity of species 
was registered in the northern area: 11 rodents, 4 insectivores; center - 11 and 2 respectively; 
south - 9 and 2 respectively. The most widespread and euritope species are A. sylvaticus, A. flavicol- 
lis and A. agrarius, found in all areas of the country. 


. Of the 17 small mammal species 9, showed positive serological results for Leptospira spp. (A. agra- 


rius, C. glareolus, M. spicilegus, R. norvegicus, A. sylvaticus, A. flavicollis, Microtus sp., A. terrestris, S. 
araneus), which proves a great diversity of species involved in the epizootic process in leptospiro- 
sis. The highest rate belongs to the species A. agrarius (53.85%) and C. glareolus. The presence of 
leptospires was determine in 4.10% of small mammals studied. The highest rate was determined in 
the central area (5.88%), the southern area (4.0%) and the northern area (3.39%). Among the lep- 
tospirosis-carrier species, A. sylvaticus, A. flavicollis, A. agrarius have a wide distribution (F-100%) 
and high values of the dominance and abundance index in all the studied ecosystems. 


. In the northern area, the presence of natural leptospirosis foci has been established in forests, 


paludous, agrocenoses and the rural-marsh ecotone with the involvement of A. flavicollis, A. sylvati- 
cus, A. agrarius species, C. glareolus and Microtus sp. The presence of 2 serogroups L. grippotyphosa 
and L. pomona was determined; both serogroups being detected in A. agrarius. 


. In the central area, the presence of natural leptospirosis foci was established in forests, paludous 


biotopes and agrocenoses. The main species involved were A. agrarius, M. spicilegus, R. norvegicus 
and S. araneus. The presence of 2 serogroups was determined: L. icterohaemorrhagiae and L. grip- 
potyphos; both serogroups were detected in A. agrarius. 


. In the southern area the presence of the natural outbreak of leptospirosis in thepaludous ecosys- 


tems with the involvement of R. norvegicus and A. terrestris species has been established. Antibod- 
ies specific to the serotype L. icterohaemorrhagiae were determined in both species. 


. The study of the leptospira circulation in the environment and in the population of small mammals 


allows the prediction of the epizootological situation and the risk of spreading this disease in the 
human population in the Republic of Moldova. 


PS 
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